T akayasu's arteritis (TA) is a rare granulomatous panarteritis of the large vessels, with an incidence of between 1.2 and 2.6 cases/million/year. 1 It has a female preponderance and is most common in southeast Asia; its cause is unknown. In many ways, it is a difficult disease to manage. In the early inflammatory phase, non-specific systemic signs and symptoms such as arthralgias, night sweats, and weight loss often predominate, resulting in a significant diagnostic challenge. There are no specific laboratory abnormalities. Hoffman and Ahmed examined multiple serological tests, including tissue factor, von Willebrand factor, sICAM-1, sVCAM-1, and sE-selectin, and found that no test could distinguish between healthy volunteers and patients with active TA. 2 In the later occlusive phase, it is now well recognised that vascular inflammation may persist, although the patient has achieved remission by clinical and biochemical criteria. In a review of surgical aortic biopsy specimens from patients with clinically inactive disease, 44% showed histological evidence of continuing vascular inflammation. 3 The current ''gold standard'' investigation for the diagnosis and follow up of patients with TA is x ray angiography. However, it has limitations inherent to an invasive procedure. Furthermore, it is unreliable in the diagnosis of TA during the early (potentially reversible) inflammatory phase as it only identifies late, fixed changes in lumen diameter without providing information on vessel wall (mural) inflammation or thickening. Recently, non-invasive methods such as magnetic resonance imaging (MRI; contrast enhanced and/ or angiography) and [
18 F]fluorodeoxyglucose positron emission tomography ([ 18 F]FDG-PET) scanning have been investigated for their ability to aid diagnosis and monitor disease activity in large vessel vasculitides. [
18 F]FDG is deoxyglucose labelled with fluorine-18, a positron emitting radionuclide that identifies areas of high glucose metabolic activity. High levels of glucose metabolism are typically seen not only in the myocardium and brain but also in other tissues if inflammation is present. 4 MRI provides high resolution imaging of anatomical features, such as luminal changes and mural thickness, and also physiological information, such as the presence of mural enhancement or oedema, which are both features of vascular inflammation. 5 Vessel wall thickening occurs early in the pre-stenotic inflammatory stage of the disease. Specific MR sequences can distinguish this finding and therefore may have an important role in the early detection of TA at a potentially reversible stage.
We investigated the potential role for non-invasive imaging in (a) early diagnosis and (b) assessment of continuing disease activity after immunosuppression in patients with TA.
PATIENTS AND METHODS

Patients studied
We retrospectively reviewed the management and outcome of patients newly diagnosed with TA at the Hammersmith Hospital between May 1996 and 2002. From our rheumatology database, we identified all patients who fulfilled the American College of Rheumatology 1990 criteria for the diagnosis of TA. 6 Between May 1996 and 2002 six patients were newly diagnosed with TA according to these criteria (table 1) . Their mean (SD) age at diagnosis was 29.5 (5.6) years. The mean (SD) length of follow up during this study was 26 (14.5) months. All six patients initially received oral prednisolone, four patients also received oral methotrexate (one patient was changed to mycophenolate because of side effects) and two patients received pulsed intravenous cyclophosphamide treatment. All patients fulfilled the criteria for active disease at diagnosis as defined by Kerr et al, 
Imaging protocol
During the period of review, it was our policy that conventional intra-arterial (IA) contrast angiography was always performed at diagnosis unless there was a contraindication. Patients also had either [ activity. IA angiography was performed using biplane aortography via the femoral artery route.
After a fasting period of 4 hours before scanning, doses of between 185 and 259 MBq (5-7 mCi) [ 18 F]FDG were injected intravenously based on patient weight and aimed at keeping the dead time to ,25%. This gave an effective dose of 7 mSv for the maximum doses of 259 MBq. Patients were rested for 90 minutes in a quiet room before scanning.
Whole body images from the base of the brain to midfemur were obtained using the dedicated Siemens ECAT ART positron emission tomograph. A transmission scan was performed using a 137 Cs source. Scan time, which was dependent on the height of the patient, averaged 90 minutes. Iterative reconstruction was performed on the emission scan and filtered back projection on the transmission scan. A simultaneous three dimensional acquisition was performed at the same time as the three dimensional image reconstruction and processing occurred. Results were reported as ratios to normalise any factor that might affect uptake. The maximum standardised uptake value in a rectangular region of interest over the large vessel (carotid, subclavian, or aortic vessel) which had maximal uptake was divided by the maximum standardised uptake value in a rectangular area over the lung at the same slice of the coronal PET. Ratios were then compared with those of normal controls (subjects referred for [
18 F]FDG-PET imaging for oncological reasons without a history of lung cancer). Uptake of [
18 F]FDG was reported semiquantitatively: 0 = no increased uptake, 1 = mildly increased uptake, 2 = moderately increased uptake, and 3 = greatly increased uptake (table 4) .
MRI
MRI was performed using the 1.5 T Sonata scanner (Siemens Medical Systems, Erlangen, Germany), with ECG-gated sequences. Multiple spin echo and gradient echo cines were acquired in the long and short axis of the aorta. MR angiography (MRA) was also performed using gadopentetate dimeglumine (Magnevist) 0.2 mmol/kg. This protocol was specifically devised to look for mural thickening and arterial stenosis.
Statistical analysis
Means were compared using the Student's t test using GraphPad Prism 4 (GraphPad Software Inc, San Diego, CA). Values of p,0.05 were considered significant.
RESULTS
Clinical findings
The mean (SD) C reactive protein (CRP) and ESR at diagnosis were 96 (94) mg/ml and 55 (44) mm/1st h, respectively, falling to a mean of 8 (10) mg/ml and 11 (6) mm/1st h at follow up (see table 1 ). When the criteria developed by Kerr et al 3 were used, five of the six patients achieved clinical disease remission during follow up. The one patient who failed to achieve clinical disease remission according to these criteria (patient 1) had a cerebrovascular accident and also underwent successful coronary artery bypass grafting and complex great vessel and aortic root reconstruction during follow up. For the five patients who achieved clinical disease remission, no cardiovascular events were recorded. However, one patient underwent successful renal angioplasty for renal artery stenosis (patient 2) and one patient had successful reconstructive surgery of the great vessels during the follow up (patient 6).
Imaging findings
Five of the six patients had conventional IA angiography at baseline. One patient was found to have a perfusion defect on myocardial thallium scanning consistent with a left main stem coronary artery occlusion; therefore invasive angiography was deemed too high risk to be performed (patient 4). Only the one patient who did not achieve clinical disease remission (patient 1) had repeat IA angiography at follow up. All six patients had an [
18 F]FDG-PET scan at baseline and a repeat study during the follow up. Five patients had MRI performed at baseline and also during the follow up (patients 2, 3, 4, 5, and 6). Table 2 Table 4 summarises the imaging findings of our six patients with TA at diagnosis and during follow up with their clinical disease activity assessments (using the criteria devised by Kerr et al 3 ) during this period. In all six patients, invasive or non-invasive imaging methods performed at baseline confirmed anatomical changes consistent with a diagnosis of TA. All six patients were found to be clinically active at first presentation. After immunosuppressive treatment, five of the six patients achieved clinical disease remission, which was associated with a significant fall in the level of CRP (p,0.04) and disease activity (p = 0.02). The non-invasive imaging procedures performed on these five patients corresponded with their clinical state, as all (fig 1A) . The follow up scan ( fig 1B) was taken when the patient was clinically in remission after treatment with prednisolone and intravenous cyclophosphamide (ESR 5 mm/1st h, CRP 3 mg/ml). 2B) . Figure 3 shows an image from the coronary angiogram performed at diagnosis in the same patient.
DISCUSSION
Until now, IA angiography has been the main imaging method used in the diagnosis and management of TA. In addition to the fact that this method is invasive and necessitates a dose of radiographic dye that may compromise renal function, its use is principally limited to the detection of changes in lumen diameter, which occur at a relatively late stage of the disease. Our results suggest that new noninvasive imaging methods such as [ 18 F]FDG-PET and MRI can provide important additional information in TA about the presence of vascular inflammation and/or wall thickening when compared with conventional angiography. Early recognition of vascular inflammation or wall thickening is an important therapeutic advance, as it may allow TA to be diagnosed in the early pre-stenotic phase of the disease when it is potentially reversible and when patients' symptoms are often non-specific. In addition, it will also allow the response to treatment to be closely monitored during follow up.
[ 18 F]FDG-PET provides a useful measure of vascular inflammation in TA and with a single scan allows identification of all the vessels affected. In our study, low grade abnormal uptake of [
18 F]FDG remained detectable on the follow up scan of one patient (patient 5) when she was clinically in remission and the inflammatory markers had normalised, suggesting that [ 18 F]FDG-PET may be a more sensitive measure of continuing vascular inflammation than conventional clinical methods. Moreover, this observation concurs with the report of histological evidence of persistent vascular inflammation in biopsy specimens obtained from patients in apparent clinical remission. 3 MRI also proved helpful in the analysis of disease distribution, in particular the presence or absence of wall thickening without frank stenosis. In one patient (patient 3), we could demonstrate on MRI reversible anatomical changes in the vessel wall after immunosuppressive treatment. Therefore, in addition to facilitating early diagnosis, these modalities will be useful not only in the assessment of the effect of drug treatment but also when contemplating interventional or surgical procedures, which are best performed during disease remission.
It should be noted, however, that overestimation of the degree of stenosis by up to 15% has been reported in some MRA studies. 7 Furthermore, we did not find the presence or absence of gadolinium enhancement of the vessel wall on MRI a reliable guide to disease activity. Our findings are consistent with another recent study, which also found that assessing the presence or absence of vessel wall oedema in MR images was an inconsistent guide to the subsequent anatomical changes found by conventional angiography. 8 In our experience, the presence or absence of [
18 F]FDG uptake in the vessel wall on PET imaging proved to be a much more reliable guide to disease activity.
Blockmans et al have provided a substantial amount of data demonstrating the usefulness of [
18 F]FDG-PET imaging in the early diagnosis of aortitis-in particular, giant cell Figure 3 Coronary angiography image from patient number 5 with active TA at diagnosis. A tight stenosis can be seen at the origin of the left main stem coronary artery (arrow). Shortly after this image was recorded, she had a VF cardiac arrest and the left main stem was found to have occluded. After resuscitation, the left main stem was rapidly reopened with the insertion of a coronary stent without further complication.
arteritis and polymyalgia rheumatica. 9 10 Another group, Meller et al, have also reported on the diagnostic value of [
18 F]FDG-PET and MRI in the diagnosis of patients with aortitis. 11 12 However, our study is the first to report their use not only in the diagnosis but also in the follow up and assessment of response to treatment in a series of patients specifically with TA.
In summary, we have found that non-invasive imaging methods such as [
18 F]FDG-PET scanning and MRI provided us with useful information for the early diagnosis and management of TA. Such techniques may allow earlier diagnosis and more accurate assessment of response to treatment than conventional clinical assessment and/or IA angiography. We suggest that further larger clinical studies are performed to compare the usefulness of invasive versus non-invasive imaging methods in the diagnosis and follow up of patients with TA. In the future, [
18 F]FDG-PET and MRI may become the standard investigations performed when the diagnosis of TA is being considered and may ultimately replace the need for IA angiography in most patients.
